Background: Structural valve deterioration (SVD) is the Achilles' heel of bioprostheses. Its correlation with younger age is well known. In recent years we exclusively reserved use of small-size Mitroflow valve prostheses (LivaNova, London, United Kingdom) to an older patient population with small aortic annuli. This study aimed to assess the incidence of SVD and its effect on patient survival and need for reoperation.
Results: Twenty-three patients (11.2%) were diagnosed with early SVD by echocardiography. Average time from surgery to diagnosis of SVD was 64.3 AE 26.8 months. Ten patients needed a reoperation for SVD. Average time from surgery to a second operation was 45.7 AE 35.7 months. Overall survival was 64.5% and 42.3% at 5 and 9 years, respectively. Cumulative freedom from SVD at 5 and 9 years was 94.8% AE 1.6% and 77.4% AE 5.4%, respectively. In 4 patients death was linked to the presence of SVD. There were no differences in mortality, reoperation, or SVD between the 2 Mitroflow valve sizes.
Conclusions: Small-size Mitroflow pericardial valve prostheses have shown a worrisome incidence of SVD even in patients aged >70 years. Based on this experience we have discontinued their use. (J Thorac Cardiovasc Surg 2017;153:31-9)
Freedom from structural valve deterioration in 19-and 21-mm Mitroflow valve prostheses (LivaNova, London, United Kingdom).
Central Message
Small-size Mitroflow pericardial valve prostheses (LivaNova, London, United Kingdom) have shown a worrisome incidence of SVD even in patients aged >70 years. Its limited durability should be acknowledged when considering elderly patients.
Perspective
Because of their manufacturing characteristics, small-size Mitroflow valve prostheses (LivaNova, London, United Kingdom) are usually preferred in patients with small aortic annuli whenever avoidance of an annulus enlargement procedure is considered for anatomic or patient-related factors. However, structural valve deterioration might start 5 years after implantation considerably limiting their use, even in an older patient population.
See Editorial Commentary page 40.
Stented pericardial valve prostheses are used with increased frequency because of the aging of the population and the tendency to avoid anticoagulation with its related morbidity and mortality. Because of the need for the stent and the sewing ring, all valve prostheses cause a certain degree of obstruction in the left ventricular outflow tract and are often responsible for a certain degree of patient-prosthesis mismatch (PPM). 1 An annulus enlargement procedure is sometimes necessary to fit larger prostheses and avoid high postoperative transprosthetic gradients. 2 Stentless valves can also be used to decrease the intrinsic obstruction of an aortic prosthesis. 3 The Mitroflow aortic valve prosthesis (LivaNova, London, United Kingdom) was specifically designed to reduce flow obstruction by minimizing the size and thickness of the sewing ring and by placing the pericardial leaflet on the outside of the stent post to maximize the valve opening area. 4 Because of its intrinsic manufacturing characteristics, a Mitroflow valve prosthesis can be easily implanted where other pericardial valves of corresponding size might not fit or would require an annulus enlargement. 5 The implant technique does not differ from that used for any kind of standard stented prosthesis.
During the past 10 years we have used the Mitroflow aortic valve bioprostheses, 19-and 21-mm sizes, with the specific intention to avoid annulus enlargement in older and high-risk patients with small aortic annuli.
For this report we analyzed the medium-term results of this peculiar patient population by assessing patient survival, incidence of structural valve deterioration (SVD) by echocardiography, and need for reoperation. All valve prostheses were implanted using the same technique: Supra-annular placement with the use of 2-0 pledgeted sutures through a median sternotomy. Antegrade blood cardioplegia was always used. Valve prostheses were prepared according to the instruction manual with a series of 2-minute rinses in physiologic saline solution.
MATERIALS AND METHODS

From
During the postoperative course all patients were discharged on antiplatelet therapy only. Anticoagulation was started only in the presence of chronic or parossistic atrial fibrillation.
Postoperative echocardiography was conducted before each patient's discharge.
All patients undergoing operation had clinical and echocardiographic assessment during 2 months of follow-up (November and December 2014). For patients unable or unwilling to travel, clinical and echocardiographic data were obtained from the referring cardiologist. For those patients undergoing reoperation the last available echocardiography was considered. Among the entire population, around two-thirds of patients had echocardiography follow-up at regular intervals.
Study Design and Definitions
In-hospital and follow-up data were retrospectively analyzed. The study was carried out in accordance with The American Association for Thoracic Surgery/Society for Thoracic Surgeons/European Association for Cardio-Thoracic Surgery Guidelines for reporting valve morbidity and mortality. 6 Patient symptoms were carefully evaluated. SVD was defined as manifest progression of mean aortic transprosthetic gradient !35 mm Hg paralleled by a decreased effective orifice area or by autoptical evidence. Severe PPM was defined as an effective orifice index area of the aortic prosthesis 0.65 cm 2 /m 2 . Considered end points were overall mortality, valve-related mortality, cardiac mortality (including valve-related), SVD, and reoperation for SVD.
Statistical Analysis
All data processing was carried out independently by a statistician not involved in the data collection process on a workstation running IBM-SPSS version 20.0 (IMB-SPSS Inc, Armonk, NY), R version 3.2.5 (R Foundation for Statistical Computing, Vienna, Austria), MEDCalc version 16 (Ostend, Belgium), and Windows 10 (Microsoft, Redmond, Wash).
Data are reported as mean AE standard deviation for continuous variables and as absolute number/relative incidence for categorical variables.
Preoperative variables were acquired from the original clinical files and they were complete for all patients; follow-up was 100% complete.
Mortality and morbidity are presented as actuarial incidences; Kaplan-Meier method and log rank test were used to analyze time-related events nonsusceptible to competing risk (overall mortality and valve-related mortality). Cumulative incidence was used to assess late events (aortic valve replacement for SVD and SVD) susceptible to competing risk bias. Comparison between curves was performed by Gray test. Survival curves include in-hospital deaths.
A box plot with pairwise comparison P values (P<.05 vs discharge) was used to display results of repeated echocardiography (Figure 1 ). In the graph are indicated the absolute number of patients, the percentage of overall population, and the remaining patients at risk for each time frame.
The following preoperative variables that could correlate with death or SVD were considered: sex, age, body surface area, body mass index, ejection fraction (EF), dyslipidemia, diabetes, hypertension, chronic renal failure, chronic obstructive pulmonary disease, associated procedure, valve size, and presence of PPM. Either Cox regression model or interval censored hazard function was used to test correlations between covariates and either mortality and morbidity, according to defined end points; to increase the robustness of the analysis, results were also compared using Tarone-Ware and Breslow models. A P level of .05 was considered significant for univariate analysis and the variable was entered into a multivariate regression model. Full data of the regression analysis is available in Table E1 .
RESULTS
Demographic and Patient Characteristics
Complete preoperative patient characteristics are shown in Table 1 . The mean age of patients was 75.9 AE 5.3 years and the great majority was female (n ¼ 170; 83%). Mean body surface area was 1.7 AE 0.1 m 2 . All patients had New York Heart Association functional class higher than II. Indication for surgery was aortic valve stenosis in 84.8% (174 patients); the remaining 15.2% (31 patients) had mixed lesions. Mean aortic transvalvular gradient at time of operation was 50.5 AE 15.9 mm Hg. Hypertension was present in 71% (n ¼ 147), dyslipidemia in 36.1% (n ¼ 74), and diabetes was seen in 24.4% (n ¼ 50) of the population.
The great majority of patients underwent elective operation. In about half of cases it was an isolated aortic valve replacement, although it was associated with other surgical procedures in the other half of cases. All patients received a 19-or 21-mm Mitroflow bioprostheses (12A model in 39 patients and LXA model in 166 patients). The 19-mm valve was implanted in 93 patients (45.3%), whereas in 112 patients (54.6%) a 21-mm valve was used (Table 2) .
Cardiopulmonary bypass and aortic crossclamping times were 84 AE 31 minutes and 64 AE 27.5 minutes, respectively.
The proportion of postoperative renal failure was 18% (n ¼ 37). Revision for bleeding was necessary in 4.4% (n ¼ 9). Postoperative atrial fibrillation occurred in 27% (n ¼ 55) of the patients. Finally, 8 patients (3.9%) required a pacemaker for postoperative atrioventricular block.
Mean posthospital discharge follow-up time was 60.8 AE 29 months; median posthospital discharge followup time was 60.9 months (95% confidence interval [CI], 55-65 months) ranging from 3 to 113 months. None of these patients was lost at follow-up.
Overall Survival
A total of 91 patients were dead at the time of follow-up. Overall survival was 82.3%, 64.5%, 46.4%, and 42.3% at 1, 5, 8, and 9 years, respectively. At 5 years patients at risk represented 46.3% (n ¼ 95) of the whole population, whereas at 8 years they made up 15% (n ¼ 31). No significant difference in terms of mortality was seen between the 2 groups of Mitroflow valve sizes ( Figure 2 ). Cox analysis revealed age (hazard ratio [HR], 1.087; 95% CI, 1.045-1.126; P < .001), preoperative EF (HR, 0.969; 95% CI, 0.948-0.985; P ¼ .004), and associated procedure (HR, 1.569; 95% CI, 1.025-2.403; P ¼ .038) as significantly correlated with death.
Early Mortality
No intraoperative death occurred. Fifteen patients (7.3%) died within the first 30 days after surgery. Three deaths (1.5%) were potentially valve-related (in 2 cases caused by mesenteric ischemia and 1 due to cerebral hemorrhage). Three patients (1.5%) died from cardiogenic shock and the remaining 9 deaths (4.4%) were noncardiacrelated (respiratory failure in 4 cases, and multiorgan failure in 5 cases). Late Mortality Seventy-six patients (36.6%) died during follow-up. Thirty-five deaths were noncardiac-related. In 10 cases the cause of death was unknown or undetermined. Thirty-one deaths were due to cardiac-related events.
In 23 cases the death was considered valve-related (Table 3) .
Cox analysis revealed age (HR, 1.077; 95% CI, 1.009-1.151; P ¼ .026) and female sex (HR, 2.581; 95% CI, 1.135-5.872; P ¼ .024) as significant factors correlating with valve-related long-term mortality.
Valve-related mortality as reported in Figure 3 was 79.5% AE 4.1% at 9 years.
SVD
The mean postoperative transvalvular gradient at discharge was 12.5 AE 5.3 mm Hg and none of the patients displayed evidence of periprosthetic leak. The mean EF at discharge was 53.3% AE 9.1%. Echocardiographic parameters at discharge according to prosthesis size are displayed in Table 4 . Analysis of variance for repeated measures under sphericity assumption revealed a highly significant (P ¼ .0001) progression of mean gradient up to 23.9 AE 7.2 mm Hg (the peak transprosthetic gradient was 40.3 AE 11.3 mm Hg). The mean EF at last follow-up was 54.9% AE 7.2%. A box plot with pairwise comparison P values (P < .05 vs discharge) displays results of repeated echocardiography (Figure 1) .
Twenty-three patients showed clinical signs of increased transvalvular gradient. Two patients died because of congestive heart failure due to the presence Cumulative freedom from SVD at 5 and 8 years was 94.8% AE 1.6% and 87.2% AE 2.8%, respectively ( Figure 5 ). Figure 6 reports the cumulative freedom from SVD when divided for the 2 sizes of the Mitroflow prosthesis. No significant differences were evident (Gray test P ¼ .235); at 8 years freedom for SVD was 90.6% AE 3.5% for the 19-mm valve and 84.4% AE 4.2% for the 21-mm valve.
Based on interval censored hazard analysis, only older age was significantly correlated to decreased incidence of SVD (HR, 0.8934; 95% CI, 0.8163-0.9831; P ¼ .030). An age-related nomogram for SVD was plotted, based on the values extrapolated from interval censored hazard analysis ( Figure E1 ). However, given the small number of patients in each age group, any kind of inferential data should be taken with extreme caution.
DISCUSSION
The Mitroflow pericardial valve, available since 1982, was designed to improve bioprosthesis hemodynamic parameters and its design demonstrated excellent performance, particularly in small aortic annuli. 7 Due to its design characteristics, superiority with respect to other pericardial valves has been shown, as reported by the Canadian Mitroflow Bioprosthesis Study. 8 The first Mitroflow model (model 11A) demonstrated SVD due to pericardial cusp tears during early followup. 9 For this reason the bioprosthesis was redesigned in 1991, with model 12A characterized by less bulk and a better hemodynamic parameters profile. Nowadays, the Mitroflow valve is in its third generation with the LX model that did not substantially modify the design and the performance of the previous valve and could be considered substantially the same bioprosthesis. Despite poor results in terms of early SVD, which was seen with the first model of the Mitroflow aortic valve (ie, model 11A), the second-and third-generation Mitroflow (ie, 12A and LX models) report a comparable follow-up with other bioprostheses commonly available on the market. [10] [11] [12] However, data in terms of SVD remain controversial. Age at implantation is a well-known factor leading to earlier prosthetic deterioration and has been show in Mitroflow valves as in other bioprosthesis. 13 However, our patient population was rather old, with a mean age of 76 years. In one-quarter of patients (n ¼ 49; 23.7%) the patients were octogenarians. Because of the good hemodynamic characteristics of the Mitroflow valve associated with a small sewing ring, we thought to use the valve only in very old patients with a small annulus where the presence of PPM is of less concern and avoidance of annulus enlargement might be advantageous for their frailty. It turned out that the majority of these patients were women, often with a short stature, an average body surface area of 1.7 m 2 , a rather low incidence of PPM (10% only in the 19-mm valve), and a rather high incidence of hypertension; a quarter of them had diabetes and a third of them had dyslipidemia. All these factors are known to play a negative role in the incidence of SVD. However, to our surprise, our multivariate analysis did not find any of these factors to negatively influence the results. Only older age was found to significantly correlate with a reduced incidence of SVD. However, given the mean age of our patients this finding appears to play a marginal role in the evaluation of the performance of the valve prosthesis.
We were surprised by the 7.3% mortality at 30 days if compared with our own data with the use of other valve prostheses. Although greatly speculative, this finding might be an indication that we have been selecting a patient subgroup with an intrinsically higher operative risk. Nevertheless, these data are substantially in line with various reports in this age group population. As a matter of fact, other authors reviewing their experience with a large number of Mitroflow prostheses of all sizes in patients with a mean age of 76 years recently reported 10.3% mortality at 30 days. 14 More than one-third of our population (76 patients) was dead at the time of last follow-up, accounting for an overall survival of 65.5% and 42.3% at 5 and 9 years, respectively. Given the mean age of the study population (75.9 AE 5.3 years) the results are acceptable and comparable to other, similar studies. 12, 14 However, 23 deaths were considered valve-related and in 4 patients were directly linked to SVD: in 2 patients because of congestive heart failure and in 2 patients because of complications after redo surgery. These data might suggest that the use of small Mitroflow valve prostheses even in an older patient population might add an increased risk of premature death.
Despite satisfactory hemodynamic performance as testified to by our immediate postoperative echocardiography findings and as reported by most of reports in the literature, SVD in our study started to be diagnosed about 5 years after surgery. Considering once again the mean age of our population at surgery, most of the patients requiring a reoperation were octogenarians, as are most of the patients being followed-up for an abnormally increased transvalvular gradient. The occurrence of SVD has certainly a substantial influence on a patient's survival. Furthermore, we cannot exclude that some of the unknown, undetermined, or sudden death (not considered SVD) could not be due in part to SVD. For these reasons, given the intrinsic retrospective nature of our study and the age of the population, it is possible that the actual incidence of SVD might be underestimated.
Although current guidelines recommend the use of bioprostheses after age 65 years, we limited the use of small size Mitroflow valves only to patients older than age 70 years. Nevertheless, our 5 years of SVD-free survival was 94.4% AE 2.4% and 95.3% AE 2.1% for the 19-and 21-mm valve, respectively, but it decreased to 90.6% AE 3.5% and 84.4% AE 4.2% at 8 years. This indicates that SVD rate reached 5.2% within the first 5 years after the operation. These data are slightly better than the 8.4% incidence of SVD at 5 years recently reported by Senage and colleagues 15 in a large patient cohort. However, at 8 years the incidence of SVD in our cohort climbed to 12.8%. It is possible that considering only patients with small annuli and therefore considering only 19-and 21-mm valves, we selected a patient population at higher risk for SVD. In the cohort of Senage and colleagues, 15 SVD occurred preferentially in small size bioprostheses with higher postoperative gradient and the presence of PPM. Abnormal mechanics and flow abnormalities related to PPM along with the lack of anticalcification treatment were considered potential causes for an early and accelerated rate of stiffening and calcification. Although the same authors reported that female sex, dyslipidemia, and PPM were risk factors for SVD, 15 we could not find any factors correlating with an increased incidence of SVD. It is possible that the relatively low number of patients with a higher proportion of female patients (70% of the total patient population) prevented us from confirming the negative influence on valve durability of some of the known factors. Furthermore, despite the small size of valve used, the incidence of PPM in our population was quite small, with 10% of severe PPM only for the 19-mm size. Piccardo and colleagues 14 also reported an increased incidence of SVD in patients who had received a 19-mm Mitroflow valve prosthesis. In particular, they report freedom from SVD of 64% at 8 years for 19-mm Mitroflow valve prostheses compared with 88% for valve sizes >19 mm. In their series the presence of PPM or a higher gradient at discharge (a surrogate for presence of PPM) was a significant risk factor for early SVD. Given their definition of echocardiographic SVD as a mean gradient >40 mm Hg, their 8 years of freedom from SVD in the 19-mm valve prosthesis was considerably worse than in our patients. However, we also had similar unsatisfactory results in the 21-mm cohort.
Various studies in the literature have found that given the incidence of SVD at 10 years, the Mitroflow valve might be preferable in patients older than age 65 years. 16, 17 In fact, their rate of SVD was 3.13% per patient-year in the 60 to 69 years age group but it was 1.2% in the group aged >70 years. Minami and colleagues 11 who also reported, in a large group of patients, a 82.8% freedom from SVD at 10 years for the whole population, found that it was slightly better only in patients older than age 75 years. Yankah and colleagues 12 also confirmed a freedom from reoperation for SVD >80% at 10 years only in patients aged >70 years. Nevertheless, other authors before us have also found an increased rate of SVD even in patients older than age 70 years. In particular, the mean age of their patients was similar to ours (76 years), with an incidence of SVD of 4% after a median follow-up of 3.4 years; their mean time from first surgery to reoperation was around 6 years. 18 However, in this specific study the diagnosis was exclusively done at reoperation. As a matter of fact, in most of the published series the diagnosis of SVD was considered only at reoperation and based on the histologic analysis of the explanted valve prostheses. This approach is often the cause of significant underestimation of this type of complication not only because some of the patients who refused or were denied repeat surgery are not considered, but also because all cases of pathologic increased gradient are not considered as pathognomonic of SVD.
In recent years, some of our patients were also included in a multicenter study comprising 1591 patients evaluated over a long-term period. 19 However, all of our enrolled patients were within the first 3 to 4 years or follow-up when signs of an early SVD were not present. Nevertheless, in this study a consistent proportion of 19-or 21-mm valve prostheses was enrolled and the overall incidence of SVD was satisfactory, especially in patients aged >70 years, with a linearized rate of 0.5 per patientyear.
Limitations of the Study
This study is retrospective, and therefore lacks many of the advantages of prospective evaluation, and although all patients had at least 1 echocardiogram, longitudinal surveillance was not always available, making the reliability of data less than optimal.
Use of Mitroflow valves was intentionally restricted to the 19-and 21-mm valve sizes in our routine practice. They were chosen only when other pericardial valves did not fit the native annulus, or when the presence of severe calcification of the aortic annulus made enlargement procedures challenging, especially in this elderly and frail population. Both of these selection criteria were based on surgeon judgment at the time of surgery.
To avoid the bias related to competing risk when evaluating the freedom from SVD or the freedom from reoperation from SVD, we used competing risk analysis. Because the majority of the studies in the literature used Kaplan-Meier curves to assess similar outcomes, the results might not be directly comparable.
CONCLUSIONS
Data from the present study show that 19-and 21-mm Mitroflow valves (with no anticalcification treatment) appear to be at risk for an accelerated rate of SVD even in patients aged 70 years or older. They should be used with caution in patients with a life expectancy > 8 years. 
